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FOREWORD 


The  principal  gun  blast  effort  during  the  period  covered  by  this 
report  was  concerned  with  the  development  of  computer  programs  for 
curve  fitting  and  data  handling.  This  work  l  re  laded  a  mathematical 
model  of  the  free-air  gun  blast  field  and  a  compilation  of  blast  data 
for  most  caliber*  of  naval  guns.  The  computer  programs  developed  are 
presently  being  used  at  the  Naval  Weapons  Laboratory  in  connection 
with  the  reduction  of  all  gun  blast  data. 

This  independent  research  project  was  conducted  under  the  Director 
of  Naval  Laboratories  program  project  number  ZRO 110101,  funded  in 
fiscal  year  1971  by  work  request  WR-1-0302. 

This  report  was  reviewed  by  Messrs.  F.  F.  Churchill,  D.  C.  Ross, 

J.  J.  Yagla  and  Dr.  G.  R.  Moore  of  the  Instrumentation  and  Environments 
Division. 


•  jl  •  i njuruvi/j  un  • 

Acting  Head,  Test  and 
Evaluation  Department 
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ABSTRACT 


The  available  data  on  gun  blasts  from  naval  guns  are  compiled 
utilizing  computer  curve  fitting  techniques.  Curves  of  peak  free- 
air  pressure  are  presented  for  all  naval  guns,  ranging  in  size  from 
20  mm  to  l6"/50.  In  addition,  curves  of  arrival  time,  duration  and 
impulse  are  given  for  three  of  these  guns.  Development  of  the 
computer  programs  and  data  reduction  methods  which  were  used  to 
model  the  free-air  gun  blast  field  are  described. 
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INTRODUCTION 


Gun  blasts  cause  damage  to  ship  and  aircraft  structures  near  the 
gun  muzzle.  In  the  past,  parameters  of  the  blast  field  near  most  Naval 
guns  wer^  measured,  but  the  data  had  not  been  compiled  in  a  systematic 
manner.  The  current  work  was  undertaken  to  supply  the  information 
available  on  gun  blast  in  a  form  that  satisfies  a  long  standing  need. 
These  data,  when  furnished  to  designers,  should  contribute  to  improve¬ 
ments  in  the  design  of  structures  to  resist  gun  blast  damage. 

Individual  readings  of  blast  data  must  be  organized  into  regular 
groupings  such  as  blast  curves.  The  collection  of  blast  data  was 
begun  in  1905  with  the  introduction  of  a  mechanical  gauge  called  the 
Williams  Blast  Meter.  Tnese  data  were  furnished  in  the  form  of  blast 
curves  which  were  widely  distributed  to  shipyards  and  design  activities. 
The  Williams  gauge  7  pound  curve  was  formerly  considered  the  limiting 
blast  factor  for  structural  and  personnel  damage ,  although  the  rationale 
for  either  use  had  not  been  well  documented.  The  present  effort  pro¬ 
vides  the  best  available  set  of  data  on  blast  from  naval  guns.  Some 
revision  to  the  curves  will  be  required  when  additional  data  are 
obtained. 

The  blast  field  around  a  gun  is  very  similar  to  the  shock  field 
around  explosives.  However,  the  gun  blast  wave  is  produced  by  a  large 
quantity  of  nigh  pressure  propellant  gas  having  a  high  velocity  along 
the  axis  of  the  gun.  The  large  momentum  component  of  the  propellant 
gas  along  the  gun  axis  leads  to  a  pressure  field  that  is  asymmetrical 
about  the  muzzle  plane. 

Gun  blasts  sometimes  exhibit  other  characteristics  such  as 
secondary  blast.  The  secondary  blast  causes  a  second  shock  wave  which 
follows  the  primary  wave.  Secondary  blast  is  caused  by  certain  powder 
formulations,  the  unburned  propellant  and  gaseous  products  of  which  are 
ignited  upon  mixing  with  air.  The  newer,  non- flashing  propellants 
have  significantiy  reduced  the  occurrence  of  secondary  b?ast.  The 
data  supplied  in  this  report  neglect  any  secondary  shocks  and  are  only 
concerned  with  the  primary  free-air  blast  wave.  Reflections  of  shock 
waves  with  decks  or  other  surfaces  are  not  analyzed  or  presented. 
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OBJECTIVE 


The  objective  of  this  project  vas  to  develop  a  method  for  compiling 
gun  blast  data  and  presenting  them  in  the  form  of  pressure  contours.  The 
parameters  considered  most  important  to  present  were  peak  free-iir  pres¬ 
sure,  arrival  time,  duration  and  impulse.  These  parameters  describe  the 
free-air  blast  field  about  the  muzzle  of  a  gun.  Such  knowledge  is 
necessary  before  the  reflected  blast  field  about  an  actual  gun  installa¬ 
tion  may  be  determined. 


PROCFDUF.ES 


The  compilation  of  gun  blast  data  began  with  a  search  of  Naval 
Weapons  Laboratory  files  for  all  available  gun  blast  data  and  with  the 
selection  of  those  data  which  could  be  used.  The  principal  effort  was 
an  attempt  to  mathematically  model  the  blast  field  and  to  then  generate 
the  blast  contours  by  using  a  computer.  The  final  step  in  the  compila¬ 
tion  of  data  for  each  gun  was  the  plotting  of  the  contours ,  giving  the 
blast  field  around  the  gun  muzzle.  The  description  of  the  process  of 
developing  the  contours  from  the  experimental  data  is  detailed  in  the 
following  paragraphs. 

The  data  on  gun  blast  which  were  available  in  the  files  inclvded 
isolated  measurements  which  were  made  for  various  purposes,  often  as 
secondary  objectives  on  other  tests.  For  most  of  these  tests,  the 
data  were  part  of  such  en  incomplete  set  they  were  usually  bypassed  in 
favor  of  more  complete  studies  in  which  a  large  sector  of  the  blast 
field  was  measured.  These  blast  tests  were  usually  conducted  with  the 
gun  firing  horizontally  and  the  gauges  mounted  in  the  horizontal  plane 
containing  the  gun.  The  data  were  usually  taken  at  regular  angles 
around  the  muzzle,  such  as  15,  30,  45,  etc.  degrees  measured  from  the 
extended  bore  axis  and  muzzle  of  the  gun. 

For  some  guns  it  was  not  economical  to  fire  at  0  degree  elevation 
for  the  sole  purpose  of  obtaining  free-air  gun  blast  data  (the  l6"/50 
gun  for  example).  In  these  cases,  the  gun  was  usually  fired  at  a  high 
angle  of  elevation.  To  be  useful,  the  data  measurement  locations  had 
to  be  transformed  from  ground  coordinates  to  coordinates  around  the 
gun  muzzle  and  bore  axis  extended.  This  procedure  was  considered  valid 
since  the  free-air  blast  is  assumed  symmetrical  about  the  gun  axis. 
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The  data  for  some  guns  were  acquired  recently  and  the  oscillograph 
traces  were  still  available.  To  prepare  these  data  for  subsequent 
tabulation,  the  records  for  each  round  were  measured  at  several 
identifiable  points  on  the  record.  Figure  1  shows  a  typical  gun  blast 
pressure  trace  and  the  idealized  pressure  wave  as  represented  by  the 
average  wave. 


Figure  1.  Typical  Gun  Blast  Pressure  Trace 
The  average  wave  can  be  represented  by  the  Friedlander  equation 


P(t)  «  P_  (l  -  t/t  )  e(_t/to) 

3  O 


Where , 1 

P(t)  =  Pressure  at  time  t  (psi) 

Pg  =  Peak  pressu  :e  (psi) 

t  -  Time  from  the  instant  of  shock  arrival  at  the  gauge  (msec) 

t0  =  Duration  of  the  pressure  above  ambient  (msec) 

e  «  2.7183 


*In  this  report  the  term  "pressure"  means  the  pressure  in  excess  of  one 
atmosphere. 
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A  computer  program  was  used  to.  assist  in  the  data  reduction  and 
tabulation.  This  program  was  particularly  useful  in  estimating  the 
free-air  duration  in  those  cases  in  which  the  reflected  wave  partially 
obscured  'he  free-air  wave  as  shown  in  Figure  1.  This  was  accomplished 
by  measuring  the  free-air  pressure  just  before  the  reflected  wave 
occurred,  and  then  having  the  program  vary  the  duration  in  small 
increments  until  the  Friedlander  curve  was  found  which  best  fit  the 
average  free-air  wave.  This  method  served  to  describe  the  wave 
completely  since  the  impulse  could  be  easily  calculated  from  the 
fitted  Friedlander  equation.  The  balance  of  this  discussion  will 
outline  the  methods  developed  to  use  the  data  to  obtain  blast  pressure 
contours. 

The  first  step  in  modeling  the  free-air  blast  field  was  to  assume 
the  pressure  followed  an  inverse  power  law  along  radial  lines  from 
the  muzzle.  This  assumption  was  previously  used  in  references  1  and  2 
and  has  been  found  to  closely  approximate  experimental  data. 

It  was  desired  to  describe  the  complete  field  of  interest  from 
the  bore  axis  extended  (0  degrees)  to  directly  aft  of  the  muzzle  (l80 
degrees).  This  required  that  the  experimental  data  be  extrapolated  to 
include  regions  where  the  experimental  data  coverage  was  incomplete. 

The  assumption  that  the  pressure  follows  an  inverse  power  law 
along  radial  lines  from  the  muzzle  implies  that  plotted  values  of 
experimental  pressure  vs  distance  on  a  log-log  graph  should  appear  as 
straight  lines.  The  slope  and  intercept  of  each  straight  line  is 
dependent  upon  the  angle  from  the  line  of  fire  at  which  the  measure¬ 
ments  were  made.  Finding  analytical  expressions  for  the  angular 
dependence  of  the  slopes  and  intercepts  is  the  essence  of  the  mathematical 
modeling  of  the  blast  field. 

Pressure  vs  distance  was  plotted  on  log-log  graphs  as  shown  in 
Figure  2.  Straight  lines  were  constructed  which  best  fit  the  experimental 
data  for  each  angle  for  which  data  existed 


PEAK 

PRESSURE 

(PSI) 


100 


.  1  1  10  100 
DISTANCE  (FT) 


Figure  2.  Typical  Log-Log  Graph  of  Pressure  vs  Distance 

Additional  lines,  corresponding  to  angles  for  which  experimental 
data  did  net  exist,  were  drawn  on  the  graph  based  on  trends  of  the 
other  lines  and  from  scaling  other  caliber  guns  where  data  existed  in 
these  regions.  The  locations  of  some  of  the  lines  could  be  established 
from  a  single  data  point  if  adjacent  lines  were  well  defined.  The  log- 
log  graph  was  then  used  to  determine  the  radial  distances  from  the 
muzzle  at  which  3  and  10  psi  pressures  existed  for  each  of  the  thirteen 
radials  that  were  chosen.  The  distances  corresponding  to  the  3  and  10 
psi  pressures  for  the  13  angles  were  then  plotted  as  shown  in  Figure  3. 
These  jocit-ours  were  smoothed,  as  shown,  to  compensate  for  scatter  in 
the  data.  The  smoothed  values  of  distance  at  the  13  chosen  angles  were 
then  used  an  input  to  the  curve  fitting  computer  program,  listed  in 
Appendix  B. 


Figure  3.  Typical  3  and  10  PSI  Contours 
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The  resalting  contours  as  calculated  by  the  program  are  shown  in 
Figures  4  to  1^.  These  smooth  curves  have  also  been  modified  to  include 
experimental  data  and  are  repeated  in  Appendix  A.  Also  shown  on  the 
curves  in  Appendix  A  are  the  .calculated  points  computed  by  the  program. 
The  following  paragraphs  describe  the  mathematical  formulation  and 
computer  program  used  in  preparing  the  contours. 

The  computer  program  developed  to  compute  the  gun  blast  free-air 
peak  pressure  contours  is  listed  ir.  Appendix  B  along  with  its  flow 
chart.  It  uses  a  standard  ortho normal  polynomial  fit  subroutine  which 
has  also  been  Hated  in  Appendix  B.  A  description  of  the  computer 
program  follows. 

The  first  step  in  the  computer  program  was  to  curve  fit  the  3  and 
10  psi  contours  which  were  entered  at  13  angles  around  the  muzzle. 

This  was  done  in  an  attempt  to  further  smooth  the  contours . 

As  noted  earlier,  the  peak  pressure  was  assumed  to  decrease  as  the 
inverse  power  of  distance.  This  car  be  written  as  follows  for  each 
angle: 


where 

Ps  =  peak  pressure  (p3i) 

D  =  distance  (ft) 

A  =  constant 
N  =  constant 

The  constant,  -N,  is  the  slope  of  the  pressure  vs  distance  curve 
when  plotted  on  a  log-log  graph  as  shown  in  Figure  15. 
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Figure  15.  Log-Log  Graph  of  Peak  Pressure  vs  Distance  and  Definition  of  N 


The  values  of  the  constants  N  are  then  calculated  for  each  of  the 
13  angles  from  the  smoothed  values  of  distance  corresponding  to  the  3 
and  10  psi  pressure  contours.  Next,  equation  (l)  is  solved  for  A, 
giving  13  values  for  A. 

The  constants  A  ard  E  are  next  fitted  with  polynomials  in  terms 
of  the  angle,  x»  measured  from  the  extended  hore  axis  and  muzzle, 
giving 


A  =  A  +  A  v  +  A  v2  + 
1  2  A  3  A 


+  A 


(2) 


N  =  N  +  N  y  +  N  y2  + 
1  2  3 


#  *  • 


+  N 
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(3) 


where  A^,  A 2,  ...,  Ag  and  N^,  N2 ,  . . .  ,  N^,  are  the  coefficients  of  the 

polynomial,  fits  of  the  constants  A  and  N.  Substitution  of  the  polynomials 
given  by  equations  (2)  and  (3)  into  equation  (l)  completely  describes  the 
free-air  peek  pressure  field  about  the  gun  muzzle. 

/  9 

P  (D  J)  =  (  l 
\i=l 


i-1 


l 

i=l 


(4) 
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In  Figures  l6  and  17,  typical  graphs  of  the  constants  N  and  A 
have  "been  shown  as  functions  of  muzzle  angle.  X. 


Figure  16.  Typical  Graph  of  Constant  Figure  17.  Typical  Graph  of  Constant 
N  vs  Angle  A  vs  Angle 

urapns  or  the  constants  A  and  N  were  constructed  for  all  cf  the 
guns  investigated  in  this  report.  They  were  used  as  a  further  check 
on  the  consistency  between  guns  in  regions  around  the  gun  muzzle  where 
insufficient  data  existed. 


After  the  computer  program  has  calculated  the  coefficients  for 
equations  (2)  and  (3),  the  distances  to  the  3  and  10  psi  pressures  at 
the  13  regular  angles  are  calculated  using  equation  (U).  This  provides 
a  direct  comparison  between  the  original  values  which  were  put  into  the 
computer  program  and  the  calculated  values. 

Next  the  program  computes  21  contours  ranging  from  ,1  to  2000  psi 
pressure.  These  are  provided  as  distances  from  the  muzzle  to  each 
contour  along  each  of  the  13  angles. 


Next  all  the  experimental  data  are  introduced.  Each  experimental 
pressure  reading  together  vith  its  free-air  angle  and  distance  are  pro¬ 
vided  as  input.  Using  the  coefficients  previously  calculated,  the 
program  computes  a  pressure  at  the  same  location  and  compares  it  with 
the  corresponding  experimental  value.  Two  stati  Heal  values  are  cal¬ 
culated  for  comparison  purposes. 
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A  normalized  first  moment,  Vj ,  is  calculated  as  ^iven  by 


v>i 


k 

I  pi-?i 


(5) 


where  Pj  is  the  ith  experimental  peak  pressure  value,  is  the 

corresponding  fitted  value  and  K  is  the  total  number  of  experimental 
data  points.  Note  that  the  pressure  difference  between  corresponding 
values  has  been  normalized  by  dividing  by  the  computed  value  of  pres¬ 
sure.  This  allows  a  statistical  check  over  the  entire  range  of 
pressures. 

The  square  root  of  the  normalized  second  moment.,  u2,  given  by. 


u2 


K 

E 

1*1 


K 


k 


(6) 


is  also  computed.  The  statistical  computations  for  each  gun  are  listed 
in  Appendix  The  experimental  data  used  in  calculating  the  statistical 
values  also  included  round-tu-round  variations  in  the  experimental  data. 
Therefore,  the  statistical  values  as  given  in  Appendix  E  arc  not  com¬ 
pletely  indicative  of  the  accuracy  of  the  fitting  method  since  they  also 
include  variations  in  the  experimental  data. 

The  method  developed  to  provide  pressure  contours  v=>.s  also  used 
for  arrival  time,  duration  and  impulse  with  no  changes  in  •‘•he  program, 
even  though  the  slopes  were  positive  in  some  cases. 


RESULTS 


The  free-air  gun  blast  curves  presented  in  this  report  represent 
an  accumulation  of  data  taken  over  many  years  at  the  Naval  Weapons 
Laboratory.  Firing  test  data  including  date;  Mark-Mod;  propellant 
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type,  index  and  weight;  and  projectile  Mark  and  weight  are  listed  in 
Appendix  F.  On  tests  where  this  information  was  not  recorded  or  was 
not  to  be  found,  it  has  been  indicated  as  "not  available". 


The  small  caliber  guns  such  as  the  20  mm  have  many  configurations 
Three  20  mm  guns  are  presented  in  this  report.  Detailed  records  of 
small  caliber  gun  tests  are  not  permanently  filed  at  NWL.  Therefore, 
the  firing  test  data  for  these  guns  are  listed  in  Appendix  F. 


The  free-air  peak  pressure  curves  are  given  in  the  body  of  this 
report  as  Figures  4  to  lU  and  a  copy  of  each  of  these  curves  containing 
additional  information  is  provided  in  Appendix  A.  For  the  8"/55, 

5"/5l*  and  3"/50  guns,  preliminary  curves  giving  the  other  parameters 
of  arrival  time,  duration  and  Impulse  are  also  included  in  Appendix  A. 
The  dashed  lines  on  the  graphs  in  Appendix  A  enclose  the  areas  in 
which  experimental  data  were  available.  The  experimental  data  points 
are  shown  by  the  square  symbols  to  indicate  the  location  of  the 
measurement.  The  value  of  the  experimental  measurement  is  placed  beside 
the  symbol.  The  round  symbols  on  the  curves  indicate  the  fitted  data 
point  locations  as  computed  by  the  curve  fitting  program. 


The  experimental  data  which  were  used  in  constructing  the  log-log 
graph  and  in  the  statistical  calculations  are  listed  in  Appendix  C. 
Digital  values  for  the  contours  which  were  generated  by  the  curve  fit¬ 
ting  program  are  provided  in  Appendix  D.  This  list  is  included  since 
it  contains  a  greater  range  of  pressures  than  is  shown  on  the  graphs. 


DISCUSSION  OF  RESULTS 


The  contour  fitting  technique  described  in  this  report  was  found 
to  work  well  for  determining  the  gun  blast  contours  of  peak  pressure 
using  experimental  data.  This  technique  allows  a  systematic  determina¬ 
tion  of  the  complete  gun  blast  pressure  field  with  a  limited  amount  of 
experimental  data.  The  assumption  that  the  peak  pressure  decays  as  an 
inverse  power  law  along  radial  lines  from  the  muzzle  agrees  well  with 
experimental  data  over  the  ranges  of  pressure  listed  in  Appendix  C. 


The  shock  wave  arrival  time  data  were  also  found  to  closely 
approximate  the  assumed  radial  decay.  However,  a  common  ejection  or 
reference  time  has  not  been  used  in  most  gun  blast  tests.  Thus  the 
data  presented  may  be  shifted  in  time  depending  upon  the  method  used 
to  measure  ejection  time  of  the  projectile.  For  this  reason  curves 
of  arrival  time  have  been  marked  "preliminary"  although  the  discrepancy 
does  not  effect  the  accuracy  of  the  shape  of  these  curves ,  but  will  only 
shift  the  time  increments  slightly  (less  than  1  millisecond). 


The  contour  fitting  technique  was  also  applied  to  duration  and 
impulse  gun  blast  data  from  the  8"/55>  5”/51*  and  3"/50  guns.  Both 
duration  and  impulse  gun  blast  data  contain  considerable  scatter  due 
primarily  to  the  method  by  which  the  data  were  taken.  Reflections  cf 
the  blast  wave  from  the  ground,  gun  mount  and  other  structures  are 
superimposed  on  the  free-air  wave  making  it  difficult  to  determine  the 
precise  duration  or  impulse  of  the  free-air  blast  wave.  For  this 
reason  it  was  not  possible  to  completely  evaluate  the  assumption  that 
duration  and  impulse  follow  an  inverse  power  law  along  radial  lines 
from  the  muzzle.  Therefore  the  contour  graphs  of  duration  and  impulse 
have  also  been  labeled  "preliminary'. 

The  statistical  comparison  between  the  computed  contours  and 
experimental  data  is  given  in  Appendix  E.  Although  these  values  also 
include  round-to-round  variations  in  the  experimental  data,  the  fit 
is  in  general  quite  good  for  both  peak  pressure  and  arrival  time. 

The  l6"/50,  20  mm  M3  and  20  mm  XM197  guns  show  somewhat  more  variation, 
but  this  is  primarily  due  to  scatter  in  the  experimental  data  and 
particularly  the  lack  of  data  in  the  case  of  the  l6’'/50  gun. 


CONCLUSIONS 


A  large  body  of  experimental  gun  blast  data  have  been  systematically 
analyzed  and  presented.  The  contour  fitting  computer  program  and  methods 
of  data  handling  which  were  developed  under  this  research  project  provide 
a  means  of  translating  experimental  data  readings  into  useful  graphs  and 
tables. 

The  free-air  gun  blast  curves  presented  were  computed  from  the 
best  currently  available  gun  blest  data.  As  new  and  more  extensive 
experimental  data  become  available,  the  techniques  presented  in  this 
report  may  be  used  to  compute  new  and  more  accurate  free-air  gun  blast 
contours . 
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10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


PROGRAM  MAIN(INPUT,0UTPUT»TAPE5=INPUT,7APE6=0UTPUT) 

OIMENSION  XC13) ,Y(13> ,*(13) ,0(25) ,S(25> 

DIMENSION  A  (9)  *6(9)  ,C(13$  s.rCl3»  ,PHIX(39> 

OIMENSION  01(13)  ,02(13), U:m3),U10  (13) 

OIMFNSION  GA ( 1 3) , GN ( 13) ,XA(135,XN(13) 

*  READ  950,A1,A2,A3,«4,A5,A6, A7 
950  FORMAT (7A1C) 

PRINT  955,  Al,  A?,  A3,  A4,A5,  Af,,  A7 
955  FORMAT ( 1H1 ,///////////////  ,6X,7A10) 

K0=8 

XN=17 

OC  5  1=1,13 
C(I)=0. 

5  F(I) =0  • 

REAO  10,1X(I),Y(I),M(I),I=1,13) 

10  FORMAT (F5«0,F6rO,F10«0) 

C 

C  COMPUTE  COEFFICIENTS  FOR  ORTMONORMAL  POLYNOMIAL  FIT  OF  Y 

C 

CALL  RTHN  (XO,KN,X,Y,A,PHlX, IERR) 

IF (IERR) 999,101,999 
101  PRINT  994, A1,A2,A3,A4,A5,A6,A7 
994  FORMAT (1H1«6X,7A10) 

PRINT  850 

850  FORMAT  (1H0,//////,30X,22H3  PSI  PRESSURF  CONTOUR) 

PRINT  103 

103  FORMAT ( / /, I4X , 5HANGLE, 11 X , 5HINPJT , 12X , 8HSMC0THE0 > 

PRINT  104 

104  FORMAT (12X,9H(DFGREES) ,5X,13H0ISTANCE  (FT) ,5X,13HDISTANCE  (FT),/) 
C 

C  COMPUTE  FITTED  VALUES  OF  V,  02(10 

C 

00108  K=l,13 

02 (K)  =  5(  1)  +A(2)  *X(K)*A(3>  *X  ( X)  **  ?♦  A  ( 4)  V<  ( X)  **3*A ( 5)  *X  (K>  **4  + 
1A(6)*X(K)**5+A(7)*X  (K)**6*4f8**'X(K)**7  i-£(9)*X(K)**8 
PRINT  10t,X(K> ,Y(K> ,02(K> 

106  FORMAT (13X,F6.2,10X,F7.2,11X,F7.2) 

100  CONTINU® 

C 

C  COMPUTE  COEFFICIENTS  FOR  O®TH0NORMAL  POLYNOMIAL  FIT  OF  H 

C 

CALL  RTHN  <KD,KN,X,H,9,PHIX,IERR> 

IF(IERR) 999,107,999 

107  PRINT  855 

855  eORMAT (//////, 3  OX, 23 HI  0  PSI  PRESSURE  CONTOUR) 

PRINT  103 
PRINT  104 
C 

C  COMPUTE  FITTED  VALUES  OF  W,  01(K) 

C 

00  115  =1,13 

01  (K) =5(1) *9(2) *XCK)+B(3) *X ( K> ** 2+8 (4 > *X ( K> **3+B(5> *X(K) **4+ 
1B(S)*X<K)**5*B<7) *X(K> **6*0 ( 8) *X (X) **7+B( 9) *X(<) **8 
PRINT  106,X(X),H(K),Ol(K) 

115  CONTINUE 


B-l 


c 

C  COMPUTE  COEFFICIENTS  XAiKJ  AND  EXPONENTS  XNOCI 

C  USING  P=XA*0**XN 

C 

6  C  Pl=-10. 

P2=3. 

P°INT  994, A1,A2,A3, A4,A5,A6,  A7 
PRINT  121 

121  FORMAT  (1H0,/////,15X,1HW,10X,1H7«  7X,1HX,  12X.2HXN,  12X,2HXA,/) 

65  00  127  f.=  l,13 

XN(K»  =  (AJ.OG(01>-ALTG(P2))/  (ALQGOl  OO  J-ALOG  <02(10  )) 
XA<t<l=P17(0l<t<)  **XN<!0 ) 

PRINT  122, 01(K*  » 02  ( K)  ,X<K)  ,XN(K)  ,XAIK. 

122  FORMAT  <liX,F8.4,3X,F6.4,3X,F5.1»3X»F11.5,3X,Fli.5> 

70  127  CONTINUE 

C 

C  COMPUTE  COEFFICIENTS  FOR  ORTHONORMAL  POLYNOMIAL  FIT  OF  XN 

C 

CALL  RTMN  <K0, XN, X, XN, C ,P HIX , IFRR) 

75  IF( IFRRI 059 , 125 , 990 

125  PRINT  128 

128  FORMAT <///,l5X,lH*,14X,2HXN, 17V,1HC,/S 
00  129  K=1 ,13 

PRINT  126, X  (K)  ,XN(.<)  ,T.  (K) 

30  126  FORMAT(13X,F5.1,4X,F1?.5,4X,E?0.12) 

129  CONTINUE 
C 

C  COMPUTE  COEFFICIENTS  FOR  ORTHONORMAL  POLYNOMIAL  FIT  OF  XA 

C 

35  CALL  RTMN  <KD,KN,X,XA,F,PHIX,TERR> 

IF(IPRR>999,401,999 
401  PRINT  400 

400  F0RHAT(///,15X,1HX,14X,2HXA, 17X, 1HF,/) 

00131  K=1 , 13 

90  PRINT  126,X(K),XA(K>,F<K> 

131  CONTI NUF 
C 

C  COMPUTE  FITTER  VALUES  OF  XN  ANO  XA , 

C  GMOO  ANn  GA  (K  )  RESPECTIVE 

95  C 

PRINT  99t»,At,A?,A3,A4,A5,A6,A7 
PRINT  151 

151  FORMAT ( 1H0 ,////////, 7 X,2HGN, 14X,2HG • ,9X, 1MX, 10X,2H02 , 13* ,?HU3 , / ) 
00  155  K= 1 , 1 3 

10  0  GN<K)=C<m-CC2)*X(K»+e<3>*X(IO**2  +  C(4>*X(K>**3  +  C<5>*X(K)**4* 

1C(6)*X (<)**5«-C<7>*X<K> **6»C(«)*XHO**7*C  <9>*X(K> **P 
GA<K)=F(1)  ♦  Fm*X<K)+F(3)*X(IO*;*2«-F<4>*X(«>**3  +  F<5>*V<IO**4* 

IF  (6)  *X  <K)**S«-F  (7)  *X  <K)  **6+F(8)*X  (K)  **7*F<9>  *X  <10**8 
U3(K)=GA 00*02<Ki**GN(K> 

105  PRINT  152,GN(K) ,GA(K»,X(K> ,02(K) ,U3(X> 

152  FORMAT  SF12.5,5X,F12.5,5X,F5.1,5X,F9.5,5X,F0.5) 

155  CONTINUc 

PRINT  157 

157  FORMAT  ( /// -  ?X  , 2HC-N ,  14X  , 2rtG A ,  9X,  1HX ,  1  OX , 2 HOI ,  13X ,  3HU1  0  ,/ ) 

110  00  158  K=1 ,13 

I 
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U10 (K) sG£(K)*D1 (K)**GN(K) 

PRINT  1C2,GN(K)  ,(U(K),XOC/  ,Dli<)  ,UlO(K) 

158  CONTINUE 
C 

115  C  COMPUTE  O(Kit)  USING  SpECIFIEO  SOCr)  VALUES 

c 

p<?INT  954,A1,A2,A3,S4,A5»*6,A7 
PRINT  159 

159  FORMAT C1H0, /////, 14X ,5HANGLE*9X, 8KCIST ANCE , 7XgftHPRFSSURE: 

120  POINT  16Q 

160  FORMA T(i2X,9H (DEGREES), «X,6H(FEFT)  ,10X,5H (PSI) , /) 


S(i)=20Q0.0 

s<2>=iooe.o 

S<3>  = 

200.5 

125 

S  (4)  = 

100.0 

S  (5)  = 

60.  C 

S  (6)  = 

40.0 

S(7>  = 

30.0 

S(8)  = 

20.0 

130 

S(9>  = 

15.0 

S(10)= 

10.0 

S 1 1 1)  = 

9.0 

S«12) = 

8.0 

S (13) = 

7.0 

135 

S t 14)  = 

P.0 

S ( 15) = 

5.  0 

S (16) = 

4.0 

S ( 17)  - 

3.0 

S (1ft)  = 

2.0 

140 

S (19)= 

1.0 

S(20) = 

0.5 

S (21) = 

0.1 

00  250 

J=1 ,7 

00  240 

1  =  1,2 

145 

K=2*J* 1-2 

IF ( K- 1 

4)163,250 ,250 

163  CONTINUE 

00  165  KX=l,21 

D(KK)=(S(KK)/GA(K>) **(1./GN(K) » 

150  165  PRINT  16ft i X ( K) » O { KK) , S ( KK) 

168  FORMAT (13X,F7. 2, 7X,F9.4,6X,FS,3) 

PRINT  169 

169  FORMAT (/) 

240  CONTINUE 

153  PRINT  994, A1,A2,A3, A4,A5,A&,A7 

PRINT 159 
PRINT  160 
250  CONTINUF 
C 

160  C  COMPUTE  FIRST  ANO  SECOND  MOMENTS  FOR  STATISTICAL  COMPARISON 

C  9ETWEEN  COMPUTEO  AND  EXPERIMENTAL  VALUES 

C 

T=0 

C12=0 

165  M=1 
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PRINT  994,Al,A2,A3,A4,A5,  A6,A7 
PRINT  897 

897  PORN AT (INC  »////// » 5 X,14H£X PER*  DATA  PT*25X,8HPRESSURE»4X, 
1SHPRESPURE) 

170  PRINT  898 

898  FORMAT  (8Xfll*H IDENTIFICATION*  4X,5H ANGLE »4X , 3H0ISTANCE , 2T» 
li2HEXP£RIH£NTAL,3*,6HFITT£0> 

PRINT  899 

899  FORMAT  (12X ,  6HNUHfiER,6X,9H I DEGREES)  »  3X»  6H  C  FEET)  *7X,5H(  PSD* 

175  16X,5H(PSI) ,/) 

299  RFAOt5»300)L,C,c,P3 
TF(FOF(5))5iO»?05 

305  CONTINUE 

300  F0RMAT{I5,1X,3(F6.2,1X)J 

180  JH=lf)0*H 

JN=JH/45 

GN1=C(1I  *C  (2)*0*P{3»*Q**2*C(4)*Q**3*(;(5J  *Q**4+ 
lC(&)*Q**5*C<7»*Q»*6*C(8i*Q**7*CC9>*Q**8 
GAl=Pfl)+F»2)*0*F(3),0#*2*FC4)*Q**3*F(5)*0**4* 

185  IF (6)  *0**5*F<7) »Q**6*F ( 8) *Q**7*F(gi *0**8 

OsGAi’E^GNl 

C10=P-p3 

C11=C10/P 

C12-C12+C11 

190  C13=C12/M 

C1=A9S(C10» 

C?=C1/p 

C3=C2**2 

T=7*CT 

195  T5=T/M 

N0=M 
M  =  M*1 

T 1=SQRT ( T5  5 
IF(JN-100) 470*500 *410 
200  410  IF(JN-200) 470,500,420 

420  IF (JN-300) 470,500,430 
430  IF(JN-400>  470,500  ,440 
440  IF  I JN -500)  470, c00  ,450 
450  IFUN-600)  470,500,451 
205  451  TF(JN-?00)470,500,4*2 

452  IF(JN-SOO) 470,500,453 

453  IMJN-900)  470,500,454 
V54  IFUN-10QCJ470, 500,455 
455  IF{JN-1100) 470,500,456 

210  456  IF(JN-120C)470,500,457 

457  IF(JN-1300)470,500,460 
460  IF  (JN-1400)470, 500,519 
500  PRINT  994, Al,A2,A3,A4,A5,A6,A7 
PRINT  897 

215  PRINT  898 

PRINT  899 

470  PRINT  900,L,Q,E ,F3,P 

900  FORMAT (12X,I5,8X,F6«2,3(4X,F8.3) ) 

GO  TO  295 

220  513  PRINT  901, C13 
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901  FORMAT C//,5X»i4HFIRST  MOMENT  =,F8.2) 
BRINT  902, T1 

902  FORMAT  if t , 5X,15HSEC0N0  MOMENT  =,F7.2) 
999  CONTINUE 

PNO 


225 


LIST  B-2  LISTING  OF  SUBROUTINE 


SUBROUTINE  RTHN(<O.KN,X,Y,A,PHlX,  IERRi 

PTH 

r 

DIMENSION  X<lQ0>,r<lS0},A<2"t  ,PHI  (5,20>,»HIX(3,139> 

rth 

1" 

C 

RTM 

’0 

c 

ERROR  LIST 

RTh 

31 

5 

c 

IERR=5021  -  DEGREE  OF  FIT  GREATER  THAN  IB. 

R7H 

40 

c 

I£RR=S922  -  0EGREE  OF  FIT  E0UAL  TD ,  OR  GREATER 

RTH 

55 

c 

THAN,  NUMBER  OF  POINTS. 

RTH 

50 

c 

PTH 

70 

c 

CONSISTENCY  CHECK 

PTH 

99 

10 

c 

RTH 

OO 

iF(sa-iq)  2,2,1 

RTH 

100 

1 

IERF-5021 

PTh 

11" 

RETORN 

RTH 

120 

2 

IF(KN-KO) 3,3.4 

StH 

130 

15 

3 

IER3-5022 

rth 

140 

RETURN 

RTH 

15" 

4 

IERR=0 

RTH 

1h9 

c 

RTH 

17  0 

c 

INITIALIZATION 

RTH 

190 

29 

c 

RTH 

no 

KOAsKOM 

RTH 

290 

OO  7  K=l.KOA 

RTH 

219 

A«>=0.0 

RTH 

2»0 

00  7  J=1 , 5 

RTH 

21" 

25 

7 

PH  I  ( J ,  K»  =  Q  .  o 

RTH 

240 

c 

RTH 

05" 

c 

HAP  ABSCISSAS  ONTO  THE  CLOSFC  INTERVAL  -1.1  TO  ♦l.'1 

RTh 

260 

c 

USING  2=A  +  0»X 

RTH 

?T» 

c 

PTh 

290 

10 

XMAXk-1.0E+307 

RTh 

20  5 

XHIN=-'/1.0f*307 

PTH 

10" 

00  10  7  K=‘1,KN 

RTH 

It" 

iFixHAx-xncn  ni,  103,103 

RTH 

12" 

1"1 

XM  AX=  X  <K'J 

RTH 

119 

15 

103 

IF  ( X  MIN-  X  (K 1  1  157,107,105 

RTH 

140 

105 

XMIN=X<<) 

RTH 

35" 

107 

CONTINUE 

RTH 

169 

ZB=  2. 0/( XMAX-XMIN) 

RTH 

37" 

ZA=-X«IN»ZR-1.Q 

RTH 

140 

40 

00  12  Ksl.KN 

RTH 

10" 

12 

RHIX  (1,K)=ZA  +  7E»X  <K) 

RTH 

4"  n 

c 

RTH 

41" 

c 

COMPUTE  FI7ST  ORTH ONORMS L  POIYNDMIAL 

OTH 

47  " 

c 

AND  DETERMINE  ITS  COEFFICIENT 

RTH 

410 

45 

c 

RTH 

440 

P  IC1,1)  =  1.07SO?T  (FLOAT  (KNJ1 

RTH 

45  0 

c  =  a.o 

RTH 

46" 

al°=o.o 

RTH 

47" 

0UMA=PHI(1,1>»»? 

RTH 

49" 

50 

00  21  K=1 ,KN 

RTH 

40" 

AL°  =  ALP+PHIX(1,<)  *OUMA 

RTH 

5.9" 

?1 

C-C  +  PHK1  ,1)  *Y  «) 

RTH 

51" 

PHI  C4,l)=PHl  11,1)  *0 

PTH 

5"  P 

c 

RT  ►. 

51" 

55 

c 

COMPUTE  SECOND  ORTHONOPMAL  POLYNOMIAL 

PTH 

54  9 

B*  6 


C 

ANO  DETERMINE  ITS  COEFFICIENT 

RTh 

553 

C 

RTH 

56" 

c 

RTH 

571 

PHI(2,l)s-4lP»PMT  (1,1) 

RTH 

580 

8i 

PHI(2,2»*PMI  (1,1) 

RTH 

590 

alan*o.o 

RTH 

809 

00  25  K=1,KK 

RTH 

619 

PHIX(2,K)  -PHI  <2,1  )+PHI  (2»  2)  *PHIX  ( 1,  K) 

RTH 

629 

25 

AL4H*AL»H*PHIX  (2,<)»»2 

RTH 

630 

65 

alah*scrt  <alam) 

PTH 

640 

PHI(2,1)*PHI(2,1)/ALAM  • 

RTH 

659 

PHI (2 ,2) = PHI (2,2) /ALAN 

RTh 

880 

C*8.0 

RTH 

87  0 

00  27  K=1,KN 

RTH 

68  9 

ra 

PHIX(2.K)*PHIX!’,'0/ALAK 

RTH 

690 

27 

C=C*PHIXJ2,K)»  <T( K) -PHI (4,1)) 

RTH 

73  0 

PHt(4,l)  =  PHI(4,l>*PHI<2,l)»C 

RTH 

Tin 

PHI  <4,2)=PHI  (2,7)  *C 

RTH 

7»0 

c 

RTH 

770 

75 

c 

COMPUTE  RESIDUALS 

RTH 

740 

c 

RTH 

750 

00  28  K=1,KN 

RTH 

78  0 

2d 

PHIX(3.k)=Y0O-»-*:<4,J)-PHI(I,,2)*PHIX(1,'O 

RTH 

770 

c 

RTH 

780 

so 

c 

ARE  POLYNJTIA.S  HIGHER  THAN  FIRST 

PTh 

790 

c 

OEf.REE  REQUIRED.  NO, HO, YES 

RTH 

810 

c 

RTH 

•11 

IF (K0~1) 81,81 , 31 

RTH 

820 

c 

RTh 

870 

85 

c 

COMPUTE  HIGHER  OEGREE  ORTHOMORMAl  POLYNOMIALS 

RTH 

841 

c 

ANC  OETERHINE  THEIR  COEFFICIENTS 

RTH 

850 

c 

RTh 

860 

31 

LA  =  1 

RTH 

870 

LB=  2 

RTH 

880 

90 

LC=  3 

RTH 

890 

00  79  KT=  2, KO 

RTH 

910 

(CTAiKT  +  1 

RTH 

910 

c 

RTH 

970 

c 

CGM°UTE  AL’H A ( T> 

RTH 

970 

95 

c 

RTH 

94  0 

AL°=0 -  C 

RTH 

950 

00  32  K=1,KN 

RTH 

960 

32 

ALR=ALF*PHIX(1,K»  *RHIX(2,  X)  ••  2 

RTH 

971 

c 

RTh 

980 

1100 

c 

COMPUTE  LAM0A(T+1)*PHI  (T+l) 

rth 

°90 

c 

RTH 

1100 

PHI  (LC  ,1 )  =0 . 0 

RTH 

1010 

00  33  K=1 , KT 

RTH 

1020 

PHI (LC,K)sPHI(LC,  K) -ALP*PHT(LR,K> -ALAM*PHI (La,X) 

RTH 

1070 

105 

33 

PHl(LC,K+l»=PHI(L9,K) 

RTH 

1040 

c 

RTH 

1160 

c 

COMPUTE  LAM0A(T*l»*PHT  (T  +  U  OF  Z 

RTH 

1061 

c 

RTH 

1170 

00  34  1=1, KN 

RTH 

1180 

110 

BHIX(2«I)  =PH I ( LC,  XT  A) 

PTH 

1091 
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00  34  J4=1,KT 
J0=KTA-JA 

34  PHIX  C2 , 14  =PH  IE  G,  I )  *PHlX  a.  II  ♦PHI  ILC  ,  J3> 

C 

115  C  COMPUTE  LANOA(T*U 

C 

ALAM^O.P 
00  35  K=1,KN 

35  AL  AM=  4L4K+PHI V I?*  N)  •  *2 

1 20  ALAH-SCRT  <ALIH) 

C 

C  COMPUTE  PHI(TH)  OF  2 

C 

00  36  K=1  ,KN 

125  36  PHlX12.K)iPHlXl?,Kl/ALAM 

C 

C  COMPUTE  PHI  ( T+  1 1 

C 

30  37  K=1 -KT  A 

130  37  PHI  aC.Kl  =PHULC,«) /4U4M 

C 

C  COMPUTE  COEFFICIENT  OF  ORTHO  NORMAL  POLYNOMIAL 

C 

C  =  0 .0 

135  DO  41  K-l.KN 

41  C=0*PHIX i2,Kl*PHlX<3,K) 

C 

C  ACCUMULATE  CONTRIBUTION  OF  THIS  POLYNOMIAL 

C  IN  THE  FORM  OF  POWERS  OF  Z 

14G  C 

00  42  K=  1 ,  KT  A 

42  PHIC4,K)=PHU4,K)*»HiaC,K)*C 
C 

C  COMPUTE  RESIOUALS 

145  C 

00  52  J=  1  » KN 
PHTXI3,JJ=PHI(4.<TA) 

00  51  K=1.XT 
KT"=KTA-K 

150  51  PHtX13,J)=PHlX(3,JI»PHTXIl,J»*PHH4,KTB) 

62  PHTX(3.J)sYIJ)-'»MIxi3,J) 


RTH  111 
RTH  111 
RTH  1121 
RtH  1130 
RTH  1140 
RTH  1150 
RTH  1160 
RTH  1170 
RTH  114" 
RTH  1100 
RTH  1210 
RTH  1210 
RTH  1220 
RTH  1230 
RTH  1240 
RTH  1250 
RTH  1260 
RTH  177  0 
RTH  1240 
RTH  1210 
RTH  1310 
RTH  1310 
RTH  1370 
RTS1  1330 
RTH  1340 
RTH  1150 
RTH  1160 
RTH  137" 
RTH  1340 
RTH  1310 
RTH  1400 
RTH  1410 
RTH  1470 
RTH  1430 
RTH  1440 
RTH  1460 
RTH  1460 
PTH  1 4  7  P 
RTH  1445 
RTH  141" 
RTH  1 51 p 
RTH  151" 
RTH.  15?n 
RTH  1510 
PTH  1540 
RTH  155" 
RTH  164" 
RTH  1570 
RTH  1540 
PTH  1590 
RTH  16" 0 
RTH  1610 
RTH  1670 
RTH  1631 
RTH  164" 


m 


1 

*(2>*Ze*PHI{4,2J 

XOt  C*2 

RTh  1650 

IF 1K0“2  4  111,111,109 

SfH  1660 

109  KOXO*!CB 

»TH  16TC 

170 

111  00  87  K*2,i(0X0 

RTH  1680 

K&rK+i 

PTH  1699 

1  ^ 

* 

ZZ*0.0 

RTH  1219 

00  83  lfa=i,\ 

RTH  1211 

ZY*PHI <5,X/>*Z8 

RTH  1229 

175 

PHI {5 ,K«) iPHX (5,<  M  *Z » *ZZ 

RTH  1230 

' 

83  ZZ*Zr 

RTH  1240 

* 

PHI <5 , KB?  ~22 

PTH  1250 

00  85  K*=1,K8 

RTH  1260 

35  *  (Kt)  =*(K»)  +  phi  <4,<8>  »PHI  (5,Kt) 

PTH  1220 

1  *0 

87  CONTINUE 

RTH  1250 

99  RETURN 

RTH  1790 

EN9 

PTH  1890 

PTH  mo 

CHART  0-3  FLOW  CHART  OF  PROGRAM 


02(K)  *  A( !  >  +  A(2)  {X(X3+ A(3)  (X{KJ] 2 
♦  A(4)  {X(KJ3+  A(5)  {x(k?*+a(6)^;k]]5 
+  A(?)|lK3*+Ai8)  |(XJ +A(9)|(K28 


PRINT  X(X), 
Y(KJ,D2(K) 


FOERR) 


IF(IERR) 


GN(K).C(I  )  +C(!?}[x(Kj)+C.3)[x(Kj]2 
+C(4)  [«KfJ3+  C<5)  [X(K)]4+C{6)  [X(K)]! 


6A(K)-F{  I }  +  F(2)  [X(K J] +F(3)  [x(F[] 2 
F(4)(X{K]]3  F(5)[X{KT]4  F(6)|X(K3J 
+F(7) [X(K]]6+ F(8 )  [X(KT]7+F(9} fX{Kjl6 


PRINT 

HEADINGS 


GNI  -  C(l)+  C(2)0  +  0(3)0*  +  C(4)Q* 
+C(5)Q4  +  0(6)0*+  0(7)0*  +  C(S)0T+  0(9)0 


GAI  •  RI)  +  R2)G  +  R3)Q*  +  F(4)Q* 

+  F(5)Q4  ♦  R6)Q*f  R7)Q*  +  F(8)QT  +  R3)Q* 


P*(6AI)(E) 
CI0-P-P3 
Oil  » CIO/P 
CI2  *012  +  011 
CI3»CI2/M 

Cl -|cioj 

C2-CI/P 
03*02* 
T-T+C3 
T5»T/M 
NO*  M 
M*M+I 
Tl  *  VT5 


PRINT 
03,  Tl 


PRINT  L,  0 
E,  P3,  P 


APPENDIX  C 


EXPERIMENTAL  DATA 

Table 

C-l  Experimental  Data  for  l6"/50  Gun 

C-2  Experimental  Data  for  8"/55  Gun 

C-3  Experimental  Data  for  6"A7  Gun 

C— i*  Experimental  Data  for  5"/5**  Gun 

C-5  Experimental  Data  for  5"/38  Gun 

C-6  Experimental  Data  foi'  3"/50  Gun 

C-7  Experimental  Data  for  Uo  mm  Gun  With  Flash  Hider 

C-8  Experimental  Data  for  10  mm  Gun  Without  Flash  Hider 

C-9  Experimental  Data  for  20  mm  M3  Gun 

C-10  Experimental  Data  for  20  mm  XM197  Gun 

C-ll  Experimental  Data  for  20  mm  MARK  12  Gun 


TABI£— C-l 

EXPERIMENTAL  DATA  FOR  16’750  GUN 


ANGLE 

(DEGS.) 

DISTANCE 

(FEET) 

PRESSURE 

(PSI) 

29.90 

50.0 

15.7 

29.90 

80.0 

6.5 

44.50 

30.0 

22.5 

44.70 

50.0 

15.6 

44.80 

80.0 

8.5 

58.60 

20.0 

27.6 

59.00 

30.0 

20.5 

59.50 

50.0 

10.8 

59.70 

80.0 

4.7 

72.10 

20.0 

15.3 

73.50 

30.0 

13.3 

74.40 

50.0 

6.5 

98.50 

34.5 

6.7 

95.10 

52.8 

4.6 

102.40 

26.2 

10.1 

112.30 

20.0 

8.5 

117.00 

30.0 

5.1 

119.00 

50.0 

2.5 

125.00 

20.0 

5.0 

131.20 

30.0 

2.0 

133.80 

50.0 

1.2 

146.70 

20.0 

3.3 

152.50 

20.0 

2.9 

157.70 

30.0 

1.5 

TABLE  C-2 


ANGLE 

.DEGREES) 

1+7-9 

46.2 

U5. 8 

75.8 

75.1+ 

75.3 
101+.U 
105.0 
105.0 
132.0 
134.0 
131+.5 


DISTANCE 

(FEET) 

15.1 

27.7 

1+0.5 

15.1 

27.7 

1+0.5 

15.1 
27.6 
1+0.5 

15.2 
27.6 
1+0.5 


EXPERIMENTAL  DATA  FOR  8”/55  GUN 


PRESSURE  ARRIVAL  TIME  DURATION 
— i1^!)  (MSEC)  (MSEC) 


15.93 

6.50 

1+.83 

7.17 

15.09 

7.28 

1+.32 

25.82 

6. 38 

8e  12 

7.55 

3.92 

1+.3  i* 

16.91 

5.58 

2.70 

27.20 

5.63 

1+.68 

9.06 

3.51 

2.39 

19.10 

Is.  1*1+ 

1.56 

29.82 

6.38 

2.60 

10.65 

3.51 

1.1+2 

21.03 

U.55 

1.1+1+ 

25.1+1* 

h.jit 

impulse 

(PSI-MSEC) 

28.17 

18.95 

9.60 

M.71+ 

8.69 

5.51+ 

6.05 

3.89 

3.6U 

3.38 

2.38 
1.78 


1 


TABLE  C-3 

EXPERIMENTAL  DATA  FOR  6"A7 


ANGLE 

(DEGREES) 

_  _ - 

DISTANCE 
— ‘  (FEET) 

PRESSURE 

(psi) 

1*5.0 

25.0 

5.84 

1*5.0 

30.0 

5.08 

1*5.0 

50.0 

2.38 

1*5.0 

100.0 

.71 

60,0 

20.0 

7-33 

60.0 

30.0 

4.50 

60.0 

50.0 

1.68 

60.0 

100.0 

.61 

75.0 

20.0 

6.25 

75.0 

50.0 

1.44 

75.0 

100.0 

.60 

90.0 

20.0 

3.91 

90.0 

30.0 

2.60 

90.0 

50.0 

1.39 

90.0 

100.0 

.59 

120.0 

20.0 

2.27 

120.0 

30.0 

1.55 

120.0 

50.0 

.84 

120.0 

100.0 

.35 

135-0 

20.0 

1.37 

135.0 

30.0 

1.16 

135.0 

50.0 

.61 

135.0 

100.0 

.30 

TABLE  C-U 

EXPERIMENTAL  DATA  FOR  5"/51*  GUN 


ANGLE  DISTANCE 

(DEGREES)  {FEET) 


PRESSURE  ARRIVAL  TIME 
_(PSI)  (MSEC) 


DURATION  IMPULSE 
(MSEC)  (PSI-HSEC) 


TABLE  C-5 

EXPERIMENTAL  DATA  FOR  5"/38  GUN 


TABLE  C-6 


ANGLE 

(DEGREES) 

U8.0 

46.1* 

1*6.0 

75.9 

75.4 

75.3 

104.0 

105.0 

105.0 

131.0 

133.0 

134.0 


EXPERIMENTAL  DATA  FOR  3*750  GUN 


DISTANCE 

PRESSURE 

ARRIVAL  TIME 

DURATION 

IMPULSE 

(FEET) 

JPSI) 

(MSEC) 

(MSEC) 

(PSI-MSEC) 

5.7 

16.04 

2.50 

2.18 

13.05 

10.4 

7.62 

5.60 

2.99 

8.39 

15.2 

5.60 

9.32 

3.16 

6.54 

5.7 

7.71 

2.91 

1.95 

5.52 

10.4 

4.52 

6. 36 

2.36 

3.92 

15.2 

2. 80 

10.16 

3. GO 

3.10 

5.7 

4.47 

3.52 

1.68 

2.78 

10.4 

2.36 

7.12 

2.43 

2.10 

15.2 

1.76 

11.24 

2.  SO 

1.80 

5.8 

2.36 

4.15 

1.43 

1.24 

10.4 

1.49 

7-95 

2.05 

1.13 

15.2 

0.92 

12.20 

4.14 

1.44 

TABLE  C-7 


EXPERIMENTAL  DATA  FOR  UO  MM  GUN  WITH  FLASH  HIDER 


ANGLE 

DEGREES) 

1*5.  C 


90.0 


135.0 


DISTANCE 

(FEET) 

3.0 

7.0 

15.0 

3.0 

7.0 

15.0 

3.0 

7.0 

i;.o 

3.0 

7.0 

15.0 


pressure 

(psi) 

1^.96 

5.70 

3.28 

2.52 

1.82 

0.92 

0.38 

0.20 

0.10 

0.18 

0.10 

0,06 


165.0 


TABLE  C-8 


EXPERIMENTAL  DATA  FOR  1*0  Ml  GUN  WITHOUT  FLASH 


ANGLE 

DISTANCE 

'DEGREES) 

(FEET) 

15.0 

2.83 
5. 35 
7.87 
10.1*0 

30.0 

5.35 

7.87 

10.1*0 

1*5.0 

2.83 

5.35 

7.87 

10.1*0 

60.0 

2.83 

5.35 

7.87 

10.1*0 

75.0 

2.83 

5.35 

7.87 

10.1*0 

90.0 

2.83 

5.35 

7.87 

10.1*0 

105.0 

2.83 

5.35 

7.87 

10.1*0 

120.0 

2.83 

5.35 

7.87 

10.1*0 

135.0 

2.83 

5.35 

7.87 

10.1*0 

150.0 

2.83 

5.35 

7-87 

10.1*0 

165.0 

2.83 

5.35 

7.87 

10.1*0 

RIDER 


PRESSURE 

(PSI) 

25.32 
6.72* 
5.70 
3.13 
8.88 
h.92 

3.53 

20.20 

7.20 

5.02 

3.39 

15.00 

7.C9 

1».1*8 

2.96 

12.51* 

1*.80 

3.32 

2.72 
8.11* 
3.39 

2.53 

1.53 
1*.71 
2,23 
1.83 

1  OO 
j.  •  jj 

3.72 

1.72 
1.18 
0.96 
2.69 
1.50 
0.98 
0.68 
1.82 
1.15 
0.75 
0.60 
1.15 
0.88 
O.67 

0.50 


TABLE  C-9 


EXPERIMENTAL 

DATA  FOR  20 

MM  M3  GUN 

ANCLE 

DISTANCE 

PRESSURE 

ANGLE 

DISTANCE 

PRESSURE 

(DEGS.) 

(FEET) 

(PSI) 

(DEGS. ] 

1  (FEET) 

(PSD 

15.0 

1.0 

28.90 

105.0 

8.0 

0.50 

2.0 

10.  JO 

10.0 

0.40 

4.0 

3.40 

20.0 

0.20 

6.0 

1.60 

120.0 

1.0 

3.60 

8.0 

1.10 

2.0 

2.00 

20.0 

0.40 

5.0 

0.70 

30.0 

1.0 

23.60 

8.0 

0.40 

2.0 

9.60 

10.0 

0.40 

4.0 

3.50 

20.0 

0.20 

6 .0 

2.00 

135.0 

1.0 

2.50 

8.0 

1.50 

2.0 

1.50 

20.0 

0.50 

5.0 

0.50 

45.0 

1.0 

20.20 

8.0 

0.30 

2.0 

9.00 

10.0 

0.30 

4.0 

3.60 

20.0 

0.10 

6.0 

1.90 

8.0 

1.30 

20.0 

0.50 

60.0 

1.0 

16.80 

2.0 

8.90 

4.0 

3.20 

6.0 

1.60 

8.0 

1.20 

20.0 

0.40 

75.0 

1.0 

11.30 

2.0 

5.70 

4.0 

2.40 

6.0 

1.30 

8.0 

1.00 

20.0 

0.40 

90.0 

1.0 

7.80 

2.0 

4.10 

4.0 

1.80 

6 .0 

1.00 

8.0 

0.80 

20.0 

0.30 

.05.0 

1.0 

4.90 

2.0 

2.70 

TABLE  C-10 


ANGLE 
(DEGREES , 


105.0 


120.0 


EXPERIMENTAL  DATA  FOR  20  MM  XM  197  GUN 


DISTANCE 

(FEET) 


1.0 

1.5 

3.0 

10.0 

1.0 

1.5 


PRESSURE 

(PSI) 


34. 56 
24.  73 

5.86 

0.94 

23.57 
:it.  23 


3.0 

4.25 

4.0 

3.80 

10.0 

0.93 

1.0 

24.12 

1.5 

15.46 

3.0 

4.02 

4.0 

3.56 

10.0 

1.00 

0.5 

22.22 

1.5 

9.60 

3.0 

2.98 

4.0 

2.32 

10.0 

0.84 

0.5 

15.34 

1.5 

7.24 

3.0 

2.4o 

4.0 

2.18 

1C.0 

O.78 

0.5 

10.42 

1.5 

5.08 

3.0 

1.74 

4.0 

1.64 

10.0 

0.4o 

0.5 

6.00 

1.5 

3.32 

3.0 

1.37 

4.0 

1.25 

10.0 

0.30 

0.5 

5.60 

1.5 

2.42 

3.0 

0.90 

4.0 

0.82 

10.0 

0.20 

ANGLE 

(DEGREES) 

distance 

(feet) 

PRESSURE 

(PSI) 

135.0 

0.5 

3.44 

1.5 

1.44 

3.0 

0.78 

4.0 

0.60 

150.0 

10.0 

0.20 

0.5 

2.53 

1.5 

1.03 

3.0 

0.60 

4.0 

0.60 

165.0 

10.0 

0.5 

0.20 

2.U0 

1.5 

1.12 

3.0 

0.50 

4.0 

0.60 

10.0 

0.20 

■  T  l^pr 


TABLE  C-ll 


EXPERIMENTAL  DATA  FOR  20  MM  MARK  12  GUN 

ANGLE  DISTANCE  PRESSURE  ANGLE  DISTANCE  PRESSURE 

(PEGS.  ) _ (FEET) _ (PS1) _ (DECS.  ) _ (FEET) _  (PSI) 


0  1.00  30.00 

2.00  16.00 

4.00  4.50 

6.00  2.10 

8.00  1.20 

20. CO  0.40 

15.0  3.00  6.90 

5.00  3.00 

7.00  1.90 

10.00  1.00 

15.00  0.70 

20.00  0.50 

30. C  1.00  25.40 

2.00  10.80 

4.00  4.60 

6.00  2.00 

8.00  0.90 

20.00  0.50 

45.0  0.75  23.40 

1.75  10.60 

3.00  5.60 

5.00  2.90 

12.00  0.90 

20.00  0.50 

60.0  0.50  22.90 

1.50  8.00 

3.00  4.70 

6.00  1.90 

12.00  '  0.30 

20.00  0.50 

75.0  0.50  14.90 

1.50  6.00 

3.00  3.50 

6.00  1.70 

12.00  0.60 

20.00  0.40 

90.0  0.50  11.50 

1.50  3.80 

3.00  2.60 


90.0 

6.00 

1.20 

12.00 

0.60 

20.00 

0.30 

105.0 

0.50 

7.30 

1.50 

2.70 

3.00 

1.90 

6.00 

1.00 

12.00 

0.40 

20.00 

0.20 

120.0 

0.50 

5.10 

1.66 

2.00 

3.00 

1.40 

6.00 

0.60 

12.00 

0.30 

20.00 

0.20 

135.0 

0.50 

4.20 

2.00 

1.30 

4.50 

0.60 

6.00 

0.50 

10.00 

0.30 

15.00 

0.20 

150.00 

0.50 

3.10 

2.00 

1.10 

i 
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APPENDIX  D 

COMPUTER  GENERATED  DATA 
FOR  CONSTRUCTING  CURVES 


appendix  b 


CCMPUTEP  GENERATED  DATA  FOP  CONSTRUCTIN'}  CURVES 


Table 

D-l  Free-Air  Peak  Pressure  Data  For  l6"/50  Gun  From  Curve  Fitting 
Program 

D-2  Free-Air  leak  Pressure  Data  For  8"/55  Gun  From  Curve  Fitting 
Program 

D-3  Free-Air  Arrival  Time  Data  For  6"/55  Gun  From  Curve  Fitting 
Frogram  (preliminary) 

D-4  Vee-Air  Duration  Data  For  8"/55  Gun  From  Curve  Fitting  Program 
(preliminary) 

D-5  Free-Air  Impulse  Data  For  8"/55  Gun  From  Curve  Fitting  Program 
(preliminary) 

D-6  Free-Air  Peak  Pressure  Data  For  6"A7  Gun  From  Curve  Fitting 
Program 

D-7  Free-Air  Peak  Pressure  Data  For  5"/54  Gun  From  Curve  Fitting 
Program 

D-8  Free-Air  Arrival  Time  Data  For  5"/54  Gun  From  Curve  Fitting 
Program  (preliminary) 

D-9  Free-Air  Duration  Data  For  5"/54  Gun  From  Curve  Fitting  Progre- 
(preliminary) 

D-10  Free-Air  Impulse  Data  For  5"/54  Gun  From  Curve  Fitting  Program 
v preliminary) 

D-ll  Free-Air , Peak  Fressure  Data  For  5"/38  Gun  From  Curve  Fitting 

Program 

D-12  Free-Air  Peak  Pressure  Data  For  3  ’/ 50  Gun  From  Curve  Fitting 
Program 

D-13  Free-Air  Arrival  Time  Data  For  3"/50  Gun  From  Curve  Fitting 
Program  (preliminary) 

D-14  Free-Air  Duration  Data  For  3"/5G  Gun  From  Curv  Fitting  Program 
(preliminary) 

D-15  Free-Air  Impulse  Data  For  3"/50  Gun  From  Curve  Fitting  Program 
(preliminary) 

D-l6  Free-Air  Peak  Pressure  Data  For  40  mm  Gun  With  Flash  Hider  From 
Curve  Fitting  Program 

D-17  Free-Air  Peak  Pressure  Data  For  40  mm  Gun  Without  Flash  Hider 
From  Curve  Fitting  Program 

D-18  Free-Air  Peak  Pressure  Data  For  20  mm  M3  Gun  From  Curve  Fitting 
Program 

D-19  Free-Air  Peak  Pressure  Data  For  20  mm  XM197  Gun  From  Curve 
Fitting  Program 

D-20  Free-Air  Peak  Pressure  Data  For  20  mm  MK  12  Gun  From  Curve 
Fitting  Program 


mJ4*. 
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FREE-AIR  ARRIVAL  TIME  DATA  FOR  5"/5i*  GUN  FROM  CURVE  FITTING  PROGRAM  (PRELIMINARY) 
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